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EVALUATING POLLUTION POTENTIAL OF LAND-BASED WASTE DISPOSAL

SANTA CLARA COUNTY, CALIFORNIA 

An Application of Earth-Science Data for Planning

By W. G. Hines

INTRODUCTION

As a result of recently initiated programs such as the San Francisco Bay 
Region Environment and Resources Planning Study, planners in the San Francisco 
Bay region are becoming increasingly aware of the types and possible uses of 
earth-science data. These data encompass a wide spectrum of disciplines 
including hydrology, topography, geology, geomorphology, and seismology. If 
properly integrated with the planner f s competence in demography, sociology, 
economics, and other fields, earth-science data can be invaluable for 
evaluating and controlling many critical environmental problems in urban 
areas.

In a rapidly developing area such as the San Francisco Bay region 
(fig. 1), vital land and water resources can be seriously endangered if 
planners make land-use decisions that fail to adequately account for the 
existence of certain pollution hazards. These pollution hazards are basically 
a function of several interacting factors: (1) The type, location, and 
emission characteristics of pollution sources, (2) the proximity and 
sensitivity of land and water resources to these pollution sources, and (3) the 
existence of one or several critical physical conditions that may affect the 
generation, transport, and distribution of pollutants in the environment. An 
understanding of these factors and their interactions is a prerequisite for 
evaluating and controlling many of the pollution and waste-disposal problems 
encountered in the San Francisco Bay region.
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FIGURE 1. Outline map of San Francisco Bay region,



PURPOSE AND SCOPE

The purpose of this report is to acquaint planners with the utility of 
earth-science information for analyzing pollution and waste-disposal problems 
in relation to land-use planning and the protection of land and water 
resources. The following topics are emphasized:

(1) An identification and description of factors that interact to form 
pollution hazards.

(2) A presentation of selected examples of, and possible control
measures for, pollution hazards typically encountered in the bay- 
region environment.

(3) Criteria and methodology needed for the preliminary evaluation of 
the suitability of land areas intended for waste-disposal sites.

Much of the discussion is keyed to the accompanying map (sheets 1 and 2) 
of Santa Clara County, a typical rapidly developing county in the San Francisco 
Bay region, for which selected physical information has been compiled. 
Methods used in the preparation of the map are described on sheet 1 of the map. 
The map is utilized as a means of relating physical conditions described in 
the text to actual conditions found in the county. In addition to the map and 
text, several tables and a glossary of selected technical terms are included.

This report was prepared by the U.S. Geological Survey in cooperation 
with the U.S. Department of Housing and Urban Development as part of the 
San Francisco Bay Region Environment and Resources Planning Study. The author 
wishes to acknowledge D. A. Rickert, hydrologist, U.S. Geological Survey, for 
many of the concepts included in this report and to give special thanks to 
R. L. Rodgers for the final preparation of the map. Eduardo Agado, 
G. D. Myren, Karen Van Dine, and Perry Wood are also cited for their aid in 
compiling the maps and other parts of this report.

INTERACTING FACTORS THAT FORM POLLUTION HAZARDS

Major Sources of Pollution

Many sources of pollution have the potential for detrimental impact on 
the bay-region environment. Table 1 lists the major sources and types of 
pollutants that are most common in the bay region. The significance of each 
of the sources and types of pollutants varies considerably within specific 
locales. For example, a planner in San Jose might be most concerned with the 
effects of a new solid-waste landfill on a shallow ground-water reservoir 
whereas a planner in Marin County might be more concerned about how drainage 
from a dairy feedlot may affect the quality or usability of water from an 
adjacent stream. Thus, planners in different geographical areas may find it 
necessary to rank sources and types of pollutants in order of local importance
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After preparation of a list of the most important local pollution sources, 
the location of these sources can be mapped separately or identified on an 
existing map. Such a map can be helpful for evaluating potential pollution 
hazards, particularly if utilized in conjunction with resource information 
such as depicted on the accompanying Santa Clara County map. Regionwide 
information necessary for preparation of pollution-source maps has been 
compiled by Limerinos and Van Dine (1970), California Water Resources Control 
Board (1971), and Goss (1972). These publications include information on the 
location of municipal and industrial wastewater outfalls, descriptions of 
wastewater characteristics, and summaries of data on solid-waste disposal 
sites. Specific information on types and sources of pollutants within county 
or municipal jurisdictions usually can be obtained from sources identified in 
table 1.

Critical Land and Water Resources

In order to evaluate the overall significance of sources of pollution in 
an area, planners need to assess the sensitivity of major land and water 
resources to various types of pollution. Major land and water resources that 
are sensitive to pollution can be classified as critical resources that 
require special consideration with regard to land-use planning.

In a general sense, critical land resources 1 could be described as 
(1) land that is primarily used for man's living, working, and recreational 
habitat; and (2) biologically-productive land essential for the well-being of 
important plant and animal life and for a pleasing habitat for man's enjoyment 
Critical water resources could be described as (1) those that supply man with 
water for drinking, hygienic, industrial, recreational, and agricultural 
purposes; and (2) those that support important aquatic and wildlife habitats.

Table 2 includes a list of critical land and water resources commonly 
found in the bay region. An example of each critical land or water resource 
listed in the first column of table 2 is given in the second column and each 
example can be identified on the large map showing physical information 
(sheets 1 and 2) or on the small maps showing precipitation and estimated 
depth to the water table (sheet 1). Table 2 also includes a list of 
information sources that should~be useful to planners wishing to gather data or 
prepare a map of critical land and water resources.

description of critical land resources implies the importance of 
existing or proposed land use in assessing the critical nature of a particular 
land resource. Land use has often been classified in the context of 
sociopolitical considerations, but for convenience in this report certain land 
uses shown in table 2 have been classified with natural physical 
considerations.
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Critical Physical Conditions

Certain naturally occurring physical conditions can accentuate pollution 
problems by facilitating the excessive generation, transport, or distribution 
of pollutants in the environment. These critical conditions are particularly 
important in the dynamic and physically diverse environment of the bay region. 
Table 3 lists eight critical conditions commonly encountered in the bay 
region, gives example pollution problems that may be caused by the various 
conditions, and shows possible sources of information for each critical 
condition.

Several of the physical phenomena described in table 3 have been 
recognized by planners and have, in fact, had a limited effect on land-use 
practices in the bay region. For example, local and county governments have 
ordinances requiring that septic-tank systems meet criteria relative to depth 
to ground water and soil permeability. In some places, flood-prone areas have 
been zoned to preclude intensive development. Road construction is restricted 
in certain areas where land slopes are steep and erosion problems are 
prevalent. In most places, however, such physical conditions have not been 
sufficiently recognized or evaluated with regard to their interactions with 
various types of land-use practices.

EVALUATION AND CONTROL OF POLLUTION HAZARDS

In previous discussion it was shown that the existence of a major 
pollution hazard is dependent upon the presence of at least two conditions:
(1) A pollutable land or water resource within the sphere of influence of
(2) a source of pollution. The pollution hazard is significantly increased 
when geologic and hydrologic conditions are such that they allow excessive 
generation, rapid transport, or distribution of pollutants. By utilizing 
information given in tables 1-3 and on a map showing appropriate physical 
information, planners have the initial tools needed for the identification and 
preliminary evaluation and control of many of the pollution hazards 
encountered in the bay region.

From information contained in tables 1-3, one could identify hundreds of 
unique pollution hazards. A description of a selected number of types of 
these pollution hazards and possible control measures is compiled in table 4 
as a guide to planners for relating various land-use practices and planning 
activities to pollution hazards.
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PRELIMINARY EVALUATION OF SITES FOR WASTE DISPOSAL ON LAND

The information and methodology required for the evaluation and control 
of pollution hazards are directly applicable to the preliminary evaluation 
of the suitability of land for several types of onland waste-disposal systems, 
hereafter referred to as land-based waste-disposal systems. The following 
four general types (see glossary for descriptions) probably are of most 
interest to planners in the bay region:

1. Septic tanks
2. Solid-waste landfills
3. Wastewater-spray irrigation
4. Waste-containment ponds

Preliminary evaluation of potential land-based waste-disposal sites is 
perhaps best accomplished by placing potential sites on a map (such as the map 
showing physical information) and identifying obvious constraints related to 
proximate land or water resources and the presence of critical earth-related 
conditions. For example, urban land is, with rare exception, preempted for 
use as a solid-waste landfill site. Similarly, it is not advisable to locate 
an evaporation pond for a toxic industrial wastewater on land that is subject 
to flooding. An area with land slopes greater than 15 percent will not, 
without drastic alteration, be suited for septic tanks. By identifying these 
types of obvious constraints at an early stage of evaluation, large areas of 
land can be eliminated from unnecessary consideration. Areas not eliminated 
by obvious constraints than can be evaluated in more detail from the standpoint 
of hydrologic and geologic suitability in conjunction with the planner's 
concurrent evaluation of social, economic, and esthetic considerations.

Criteria for Evaluating Land-Based Waste-Disposal Sites

The following publications were reviewed during the compilation of this 
report and aided in the formulation of land-based waste-disposal site 
criteria: Franks (1972); Schneider (1970); California Water Pollution Control 
Board (1961); Hughes, Landon, and Farvolden (1971); Geological Survey of 
Alabama (1971); U.S. Soil Conservation Service (1968); American Society of 
Civil Engineers (1959); Born and Stephenson (1969); Hughes and Cartwright 
(1972); Williams and Wallace (1970); California Department of Public Health 
(1968); and McGauhey, Krone, and Winneberger (1966).
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Table 5 contains suggested criteria to assess the suitability of land 
for four types of land-based waste-disposal systems. The table includes 
criteria on land and water resources (criteria 1, 4, and 5); geologic and 
hydrologic phenomena (criteria 2, 3, and 6 through 10); numerical suitability 
ratings (on a scale of 0-3) for evaluating each of four types of land-based 
waste-disposal systems. Table 5 is intended as a guide for making site 
selections and assessments of areas under consideration for use in land-based 
waste-disposal systems. The criteria are not intended to preempt or replace 
local, State, or Federal standards or regulations for land-based waste- 
disposal practices. Those wishing to obtain specific standards or 
regulations should contact county or State public health agencies, the 
California Regional Water Quality Control Board, San Francisco Bay Region, 
or the Environmental Protection Agency.

To use table 5 most effectively the following steps are suggested:

1. Compile and examine available data and information relative to 
the 10 criteria listed in the table.

2. Prepare a map, or maps, to summarize as much of this information 
as possible. (For example, the map sheets in this report show 
information on land resources and land uses, land slopes, 
floods, surface-water resources, and soil permeabilities. 
Supplemental maps at a less detailed scale show information 
on precipitation and ground-water resources.)

3. Locate the proposed site of the land-based waste-disposal system 
on the map.

4. Evaluate the suitability of the proposed site on the basis of 
criteria and numerical ratings given in table 5. Sites 
receiving several "0 T s" or a mix of "O's" and "I's" usually can 
be eliminated from consideration. Sites receiving "3 f s" and 
"2's" and no "O's" or "I's" should be noted and reserved for 
further evaluation relative to remaining criteria not adequately 
defined by available information.

Criteria not evaluated in steps 1-4 above usually can be evaluated by 
aerial-photograph interpretation, site visitations, and field measurements. 
Criteria for erosion, geology, soil permeability, and ground-water 
resources commonly will have to be evaluated in this manner. For 
information on earthquakes and floods (in places where flood-prone areas 
have not been mapped), consultation with geologists and hydrologists may 
be necessary.
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If the preliminary evaluation indicates that the site may be suitable, 
comprehensive field investigations can be undertaken to insure that no 
critical considerations were overlooked. Final design of a particular 
land-based waste-disposal facility should be made on the basis of data 
obtained from the field investigation. The nature and detail of the field 
investigation will depend upon several factors including size and type of 
facility, the quality of the preliminary evaluation, and the requirement for 
engineering modifications where potential pollution hazards are present. 
Generally, solid-waste landMlls and wastewater-spray irrigation systems will 
require the most comprehensive field investigation.

DISCUSSION AND CONCLUSIONS

The evaluation and control of pollution hazards and preliminary 
evaluation of sites for land-based waste-disposal systems are but two of the 
many potential uses of earth-sciences information. Planners in most urban 
areas are increasingly being called upon to provide more sophisticated means 
of predicting and controlling environmental impacts associated with 
urbanization, resource development, and land-use practice. This need can be 
best met if planners are able to formulate land-use plans that are compatible 
with the types of constraints described in this report. These constraints and 
the nature of hydrologic and geologic information needed to evaluate them 
vary depending upon the particular type of land use intended. However, the 
compilation of available earth-science information on a map is often 
sufficient to form a basis for a preliminary impact assessment of alternative 
land-use plans.

As planners gain knowledge about an area's unique physical conditions and 
other factors such as pollution sources, land-use planning can be conducted on 
the basis of a rational environmental analysis. Hazards can be identified in 
advance of development and avoided or effectively controlled. Economic, 
social, and esthetic benefits will accrue as land-use practices are tailored 
to conform with the land's developmental capacities.
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GLOSSARY

Agricultural land. In broad terms agricultural land commonly is described 
as that utilized for soil cultivation and crop and livestock production. 
Agricultural land identified on the map sheets is either of three general 
types: (1) Field crop, (2) vineyard and orchard, and (3) pasture. This 
classification, and the classification for urban land and open space also 
presented in this glossary, was taken directly from a joint NASA-Geological 
Survey aerial photographic land-use mapping program supervised by the Geological 
Survey, Washington, D.C.

Demography. The science of population and the factors affecting its 
dynamics (that is, growth, decline, distribution, changes).

Geology. The study of the origin, history, and structure of the earth, 
as recorded in the rocks, together with the forces and processes that modify 
the rocks.

Geomorphology . The study of the surface features of the earth and the 
way in which they have been and are being produced.

Hydrology. The science encompassing the behavior of water as it occurs 
in the atmosphere, on the land surface, and underground.

Land slope.  The gradient of land as measured from a horizontal surface. 
This gradient or slope usually is expressed as a percentage, such as 5 percent, 
indicating a 1-unit vertical rise in 20 units of horizontal distance.

Marshlands. Marshlands include those areas closely associated with fresh 
or saline water, either surface or ground water. These areas are highly 
productive biologically and are characterized by saturated soil, ponded water, 
thick vegetation, and abundant animal life. Marshlands also find extensive 
use as recreational areas for man. In the bay region, marshlands usually are 
found on the periphery of San Francisco Bay (commonly referred to as bay lands) 
and major reservoirs and lakes or in naturally low lying areas where the water 
table is at, or near, land surface.

Open space. The open space land-use classification is a modification of
that used by the Geological Survey (see "Agricultural land" in this glossary
for a description of land-use data). Generally, open-space areas shown on the
map sheets have one or several of the following identifying characteristics:

1. Me ad owl and
2. Brush or trees associated with riparian vegetation
3. Native brush or timber
4. Forest
5. Barren
6. Salt flats
7. Sand dunes
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Saturated zone. That part of a water-bearing material in which all voids, 
large and small, are filled with water.

Seismology. The science concerned with the study of earthquakes and 
measurement of the elastic properties of the earth.

Septic tank. A settling tank in which settled sludge is in immediate 
contact with wastewater flowing through the tank. The organic solids in the 
settled sludge on the bottom of the tank are decomposed by anaerobic 
(oxygenless conditions) bacterial action, while the overflowing wastewater is 
dispersed into the soil through a lateral, subsurface drainage field.

Soil permeability. The capacity of a soil for transmitting a fluid. The 
common permeability measurement is performed by measuring the rate at which a 
fluid, usually water, moves a given distance during a given time interval.

Solid-waste landfill. A facility for disposal of waste materials, 
usually domestic garbage and trash which involves burial, compaction, and 
natural decomposition under the land surface. The types of solid-waste land 
fills vary in the sophistication from poorly managed dumps to well managed 
sanitary landfills. In the bay region future landfill facilities will almost 
all be of the sanitary-landfill type.

Topography. The science of surveying the physical features of a district 
or region and the art of delineating them on maps.

Urban land. In a broad sense, urban land could be defined as that land 
that constitutes or comprises a city or town. A heterogeneous mix of land 
uses is implied, and as a result urban land-use classifications may differ 
somewhat among the various bay region land-use planning communities. The 
classification used for the map sheets is shown below. (See "Agricultural 
land" in this glossary for a description of the source of land-use data.)
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Urban land classification

Major categories

LIVELIHOOD

RESIDENTIAL

Industrial

Transportation

Commercial

Livelihood 
with non- 
agricultural 
residence

Single family

Multifamily

Subcategories

Manufacturing, assembling, general processing
Warehouse including terminal facilities (air, rail, 

truck, water)
Sawmill, papermill, steel mill, and aluminum mill
Oil refinery
Fruit and vegetable cannery, general food processing
Extractive industry
Sewage-disposal plant
Highway, railroad, rapid transit right-of-way, 

interchange, yard
Communication facility
Automobile parking area
Utility right-of-way
Marine terminal
Wholesale trade
Retail trade
Business and professional office
Hotel, motel, hotel apartment
Institution
School and church
Cultural, recreational, amusement, and other built-up 

area
Light industry
Retail and wholesale trade
Business and professional office
Hotel, motel
Institution
School, church
Cultural, recreational, amusement, and other built-up 

area
Single and multifamily residence
Single family unit, detached and at ground level
Single family unit, attached and at ground level
Mobile home
Dwelling unit for two or more families on one or more 

floors
Row house
Duplex, triplex dwelling unit
Fraternity, sorority, boarding, rooming, or other group 

quarters
Residential hotel apartment and motel
Mixed single family and multifamily residence

^Adapted from unofficial classification used by the U.S. Geological 
Survey, Washington, D. C.
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Waste-containment pond. A facility designed specifically to contain 
waste materials (solid or liquid) and limit or control discharge, leakage or 
seepage to the outside environment. A waste-containment pond can take several 
forms. For example, an evaporation pond often is utilized to hold and dispose 
of an otherwise hard-to-treat toxic industrial wastewater. A sludge lagoon is 
designed to dry, and allow natural decomposition of partially treated sludge 
from a municipal sewage-treatment plant. Various types of holding ponds may 
be used for intercepting and temporarily holding excess wastewater or polluted 
runoff generated during storms in urban areas.

Wastewater-spray irrigation. A system for disposing of organic waste- 
water by spraying on land, usually from pipes equipped with spray nozzles. 
Part of the wastewater is utilized by crops or indigenous vegetation. The 
remainder may percolate through the soil column or to a subsurface drainage- 
collection system or run off into a surface drainage-collection system.

Watershed. The area, ..defined by physical drainage divides, that is 
drained by a stream or stream system. In this report, "immediate peripheral 
watershed" means an area that surrounds the major water body of a watershed 
(stream, lake, or reservoir) and from which an introduced pollutant could flow 
directly into the major water body within 1 day.

Water table.  The level below which the earth is saturated with water at 
atmospheric pressure or greater, sometimes referred to as the upper surface of 
the saturated zone.
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